Light-induced proton gradients and internal volumes in chromatophores of Rhodopseudomonas sphaeroides.
To test the predictions of the chemiosmotic hypothesis, it is essential to have sensitive and accurate measures of the aqueous volume and pH within membrane compartments. One unique feature of the present investigation is the application of electron spin resonance probes to determine internal aqueous volume and pH changes in bacterial chromatophores under virtually identical conditions. Volumes of the chromatophores ranged from 6 to 16 microliter/mg bacteriochlorophyll among different preparations, and were sensitive to the osmolarity of the suspending buffer. pH gradients reached two units in illuminated chromatophores as determined with ESR methods, and increased when KCl and valinomycin were added to the assay. Measurements with the fluorescent dye 9-amino-acridine yielded similar pH gradients, provided that an operational vesicle volume, which corrected for the binding of the dye to the membrane, was used in the calculation. The sensitivity of the ESR method allowed the measurement of pH gradients resulting from only a few light flashes. A plot of pH gradients versus number of flashes was linear up to about 30 flashes, and intercepted the origin. This result is consistent with proton release into the bulk aqueous phase after only a single light flash. This ability to measure small pH gradients offers new opportunities for the study of energy-transducing mechanisms.